Pedestrian-vehicle crashes are the results of a combination of infl uencing factors including the driving enviroment. This paper looks into the driving environment factors in pedestrian crashes injury levels on road links in Jakarta and the surounding cities which contribute to the city traffi c generation. The vehicle-pedestrian accident data used were obtained from the 2016 Indonesian national police accident database covering 4,646 pedestrian accidents on road links from Jakarta, Depok, Tangerang Selatan, Tangerang and Bekasi, Indonesia. Various factors were analyzed including crash level severity, month of occurrence, weather condition, lighting condition, road function, road class, road type, road surface condition and road status. As injury levels were categorized into slight injury, severe injury and fatal injury and it was assumed that the dependent variables which were crash injury levels could not be perfectly predicted from the independent variables, Multinomial logistic regression (MNL) was used in the analysis to predict the probability of different categories of dependent variables. It was found that the relative risks of pedestrian accident risks factors changed with different categories both in terms of fatal and severe injuries. One of the fi ndings shows that the risk of having severe injuries would decrease by 40.2% on national roads, by 70.5% on provincial roads and by 53.5% on urban roads. The results can be expected to be referred to in the improvement of pedestrian safety level and in the development of related measures.
INTRODUCTION
WHO (World Health Organization) states that more than half of all road traffi c deaths are among vulnerable road users: pedestrians, cyclists, and motorcyclists [1] . Vulnerable road users are also defi ned as those sustaining the greater risks in road traffi c. Pedestrians are generally defi ned as those most at risk for serious injury or death when involved in a road accident particularly in terms of fatalities and serious injuries [2] . Traffi c crashes are the results of a combination of different factors that work individually or interactively within a road system. With different contributing factors, the main causes, types, and levels of severity of crashes are never identical in different cases. Identifying the road driving environment risk factors will help reduce the crashes frequency and lower the level of severity. Previous researchers developed various models that accommodate road geometric and road characteristics, traffi c and environmental factors in addition to speed related factors. Moudon et al. [3] found that road characteristics (multiple lanes and surface conditions etc.) contribute to crash occurrence and Retting et al. [4] indicated that street types (residential, freeway, arterial), intersections, and street design features including lighting are associated with vehicle-pedestrian collision and a much earlier research [5] agreed on traffi c volume as a signifi cant factor in vehicle-pedestrian collisions. The speed of vehicle was found to be a signifi cant factor that affects the level of injury severity [6] and speed limit is also a determining factor in the probability of pedestrian accident fatality [7] , [8] , [9] . A study in Kenya indicated that improved road condition leads to higher speed which also causes more pedestrians hit by vehicles [10] . Pour-Rouholamin [11] investigated pedestrian injury risk factors in Illinois. Using ordered-response models, the study concluded that severe injuries were related to a number of different variables such as divided highways, highways with multi lanes, lighting condition, and heavies. Drivers have to pay attention to the environment while driving which causes a multi-tasking driving as in driving in a city driving environment. Complex driving situations, with traffi c confl icts, cause drivers to be involved in collisions [12] . However, it was shown that more than 70% of the drivers do activities other than driving [13] . A number of researches have also been conducted to examine how complex driving environment and work load affect the task demands [14] . Road network and the driving environment, therefore, have considerable effects on crash risks because they determine how road users perceive their environment and how drivers react towards the instructions and guidance presented by the signs, markings and traffi c control systems. Based on WHO [15] the number of pedestrian accident deaths in Indonesia in 2016 constitute 15.5% of the total road users accidents deaths. Jakarta, as the capital city of Indonesia suffers from high traffi c accident frequency and high level of service and congestions which also lead to traffi c safety problems. With the total number of 4,646 records of pedestrian accidents in 2016 from Jakarta and the immediate neighboring municipalities: Depok, Tangerang, South Tangerang and Bekasi ( Fig. 1 ) (IRSMS) [16] , an in-depth analysis of how changes in different factors affect the levels of severity of pedestrian accidents is of paramount importance.
RESEARCH METHOD

Data categorization
Applying the principle of System theory in accident occurrences which proposes that crashes are the resultant of maladjustments of a set of interactions within the road environment [4] , [5] , this study analyses the potential factors in road accident severity which include the driving environment factors in Jakarta and the surrounding cities. Based on previous studies on various signifi cant factors in pedestrian crashes occurrences [4] , [11] , [17] , the present study investigates how month, weather, lighting condition, road function, road class, road type, road status and road surface conditions affect pedestrian accident severity risks. Different road classifi cations serve different allowable axle loading which therefore accommodates different types of vehicles with different axle loads. Road status The data in the present study do not differentiate individual cities and are used as one set of panel data to enable a thorough analysis based on the varied driving conditions of pedestrian crashes and to allow inclusion of all types of category. Pedestrian crash injury levels are categorized into slight injury (with a non-incapacitating injury that needs medical attention), severe injury (when the victim is hospitalized for more than 30 days or with an incapacitating injury or is in hospital up to 30 days), and fatal injury (when the victim dies within 30 days after the accident). The coverage of the area is expected to give a representative description of driving environment and the potential factors in road crashes. Data used in this study were pedestrian crash data 2016 from the Indonesian traffi c police which are classifi ed and categorized into: Levels of crash severity (slight injury, serious injury and fatal crashes), months of occurrences (January-June and July-December), lighting condition (bright, moderate and dark), weather condition (clear and unfavorable), road function (arterial, collector, local and toll road), road classes (class 1, class 2 and class 3), road types (undivided and divided), road geometric types, road surface condition (good and poor), road gradient, road status (national, provincial, urban and rural). The road function, class, type, surface condition and status refer to the geometric design guidelines for inter-urban roads applied in Indonesia [18] .
Multinomial logistic regression
Collision models have been developed from various perspectives and approaches to describe the relationships between variables Crashes are often separately modelled into frequency and level of severity. Among the commonly adopted analysis are multinomial logit that looked into pedestrian-vehicle severity crash [19] , multivariate tobit [17] , [20] in analyzing highway accident-injury-severity rates, hierarchical ordered models [21] that modelled crash outcome probabilities, mixed logit for Highway accident severities [22] , mixed-logit model applied in pedestrian-injury severity analysis in motor vehicle crashes [23] , random-parameters Tobit model to study factors affecting accident rates [20] . Bayesian models [24] , and ordered response models [25] , [26] . It was also found that compared to the conventional ordered (proportional odds-PO) model and generalized ordered logit model (GOLM), the partial proportional odds (PPO) model shows better analysis performance [11] . Random parameter multinomial logit models was adopted by Aziz et al. (2013) [27] to accommodate the variation across observations as assumptions can be made for types of probabilistic distribution. In this study, the data were analyzed descriptively and inferentially. Descriptively, the percentage distribution of pedestrian crash severity is given, including the infl uencing factors in the model. Inferentially, a multinomial logistic regression (MNL) was adopted to investigate the factors affecting the pedestrian crash severity as it is suitable for cases where the response variable is composed of more than two categories and it allows simultaneous comparison of more than one contrast. MNL was generalized from binary logistic regression which only considers two values of categorical response variables [28] . In MNL, the log odds of more than two contrasts can be estimated simultaneously where the odds ratios explains the impact of predictor variables. MNL regression takes no assumption of normality, linearity or homoscedasticity of sample variances, but there is independence among the dependent variable choices. The explanatory variables were determined from the accident data base that were considered potential in pedestrian crash occurrences. The multinomial logistic regression expresses the relationship between the probability of an observation falling in the jth category with i explanatory variables X i as follows:
The dependent variable of the model is pedestrian crash severity (Y), which is categorized as Slight injury (Y = 0), severe injury (Y = 1) and fatal accident (Y = 2). The independent variables are months of accident occurrence (X 1 ), weather condition (X 2 ), lighting condition (X 3 ), road function (X 4 ), road class (X 5 ), road type (X 6 ), road status (X 7 ) and road surface condition (X 8 ). p j is the multinomial probability of Y = j ( p 2 = fatal accident probability, p 1 = severe injury probability, and p 0 = slight injury probability), β j0 is the intercept for the j th (j = 1,2), β jk is the parameter for independent variable k th , X k (k = 1, 2, ..., 8), for the logistic regression function jth, g j (x) and ε j are errors in the j th logistic regression function. When there is n independent observations with p explanatory variables, and the response variable has J categories, a base level has to be determined to which logits are constructed relative. Although the interpretation of the parameters will change, the choice of variable for the reference category does not necessarily impact the model fi tting as it will result in the same likelihood and fi tted values.
RESULTS AND DISCUSSION
An Intercept Only model without any explanatory variables was produced to compare with a Final model with all explanatory variables in the model fi tting to check whether the model improves the outcome predictability (crash severity). The result indicates that the dependent variable is better predicted in the full model than in the intercept-only model (p value = 0.000). The pseudo R-Square values (Nagelkerke = 6.7%) indicates that the variation between crash severity modalities is explained in a relatively small proportion. The likelihood ratio tests as shown in Table 1 reveals that weather (clear weather), road class, road type, and road gradient, are not statistically signifi cant because their p-values are higher than 5% (the 'Sig.' column). On the contrary, month (Jan-Jun), lighting, road function, road geometric, road conditions, and road status are statistically signifi cant because their p-values are less than 5%, which is also refl ected by other fi ndings [4] , [11] , [13] . The reference category used in this analysis is slight injury. For a unit change in the predictor variable, the logit of outcome relative to the reference group is expected to change by its respective parameter estimate given the variables in the model are held constant. To determine factors infl uencing traffi c crash severity levels, the p-value ('Sig.' column) of the estimate coeffi cients for each factor in the two different models are analyzed, and interpretation is made using the odds ratios (column 'Exp(B)') of the predictors. (see Table 2 ). For the fi rst model (fatal injury relative to slight injury), the Wald test statistic for predictors: dark lighting, bright lighting, undivided road type, intersection road, poor road surface, provincial road, urban road, are associated, with a p-value less than 5%, so the null hypothesis was rejected and it was concluded that there is a statistical infl uence of those factors on the model. This is in line with the fi ndings of other researches [3] , [4] . For example, for the road type factors, the 'Wald' test statistics for the predictor 'undivided road type' is 4.338 with an associated p-value of 0.037. For alpha of 5%, the null hypothesis was rejected and it was concluded that the regression coeffi cient for undivided road is statistically different from zero given the other factors in the model. For the second model (severe injury relative to slight injury), the Wald test statistic for predictors: January to June, dark lighting, bright lighting, arterial road, (Road_class =1), national road (Road_status=1), provincial road (Road_status=2), urban road (Road_status =3) are associated with a p-value less than 5%, so again, the null hypothesis was rejected and it was indicated that the factors statistically infl uence the model. The relative risk ratio comparing dark lighting to moderate lighting (reference modality) for fatal injury relative to slight injury model given that the other variables in the model are held constant (in their referent modality), the relative risk would be expected to increase by a factor of 2.347 (134%) and for severe injury 2.362 (236.2%). For bright lighting compared to moderate lighting, the risk of having a fatal injury relative to slight injury would be expected to decrease by a factor 0.633 (36.7%) and risk of having severe injury in dark lighting condition decrease by 0.705. Bright condition clearly provides higher visibility of pedestrian in particular when crossing the streets. Minimum lighting impacts the peripheral obstacle detection [29] . and also causes drivers' shorter sight distances leading to insuffi cient stopping distance as signifi ed by the highly increased risk of dark lighting relative to moderate lighting. Lighting condition was also found to increase pedestrian injury severity together with other factors. [11] .
The study by Azis et al. [27] concluded different effects with both positive and negative association of dark road condition in different boroughs in NY city. Reduced visibility was found to contribute to night time pedestrian fatalities where even with the presence of glare only 61% of pedestrians were identifi ed [30] . Other studies indicate similar fi ndings that night-time is one of the potential risk factors for pedestrian [31] [32] . The relative risks of having fatal or severe injuries to slight injury at both types of intersections decrease compared to the pedestrian crashes on straight roads with factors 0.836, 0.416 for severe injury and 0.531 and 0.739 for fatal injury. Curves, however reveal increased risks of both fatal and severe injuries with much bigger factors 1.371 and 1.151. This fi nding agrees with a study by Wang [29] that concluded road horizontal curvature has mixed effects on road safety. The relative risk ratio of pedestrian crashes occurring at intersections decreases compared to straight road by 4.69% indicating that fatal injuries are unlikely to occur at intersections. Drivers reduce their speed when approaching intersections in particular at intersections without traffi c control and halt during red, as also found by another study [22] . This may be related to driver's bigger efforts in driving maneuvers along curves to counter the centrifugal force in particular at curves with inadequate superelevations. This is also in line with Siregar [33] who suggested that road safety can be improved by changing the patterns of traffi c interactions through road design features changes. Driver's limited sight distances along curves can prevent drivers from making the right maneuvers to avoid hitting pedestrians. In addition, pedestrians may not perceive that curves are not a very safe road section for pedestrians as indicated by a previous study by Rankavat and Tiwari (2016) has been found to be responsible for pedestrian crashes [31] In the present work, the absence of medians on undivided roads leads to 17.3% increase in the relative risk of fatal injuries compared to divided roads and 5.7% increase of relative risk of severe injury. With no refuge area to wait before continuing crossing, pedestrians are exposed to higher risks of being hit. This implies that fatal crash injuries tend to occur on undivided roads compared to divided roads which may be due to the minimum physical protection drivers can be provided with when crossing undivided roads. Poor road surface condition causes an increase of 75.7% in the relative risk fatal crash but causes a decrease of 28.1% of severe injury relative risk compared to roads with good surface condition. Fatal injuries have the tendency to occur on roads with poor surface conditions. The categorization of road surface condition in this study is qualitative as the crash data do not use quantitative values such as IRI (international roughness index). Poor road condition causes lower traffi c speed with relatively high individual vehicle speed deviations which may confuse pedestrians in deciding on accepted gap for crossing the street. That the risks for fatal crash increases and for severe crash decrease suggests that severe pedestrians crash injury occurring on roads with poor surface condition tend to shift to fatal injury. With minimum lighting, poor road condition can become an unexpected obstacle over which pedestrians may trip and fall, and be exposed to having a crash with higher injury level [32] . The relative risk comparing national roads (0.598), provincial roads (0.295) and urban roads (0.465) to rural roads (reference category) shows us that the risk of having severe injuries would decrease by 40.2% on nation-al roads, by 70.5% on provincial roads and by 53.5% on urban roads. For fatal crash, the relative risks of the different road status all decrease by 6,4%, 48.1% and 35.4%. A possibility is the presence of pedestrian facilities on national, provincial and urban road that are provided contributes to the higher pedestrian safety. The road status classifi cation is based on the road authority of related level of government in charge of road management including road maintenance. The decrease of relative risks indicate that rural road which is used as the reference category has the highest pedestrian crash risks both in terms of severity and fatality. This fi nding is in line with the work of Lee and Abdelaty [34] who concluded that compared to urban roads, rural roads were more associated with higher pedestrian crash severity. Borowsky also discovered that road status contributes signifi cantly to the level of pedestrian crash severity [35] . However, the results are contradictory as the research concluded that national roads and urban roads show higher pedestrian crash proneness and that pedestrians are more easily identifi ed in residential areas than in urban areas. The discrepancy in the fi ndings may be due to the different defi nitions of road classifi cations and the provision of pedestrian facilities. Arterial roads, compared to toll road as the reference category, indicates that the risk of severe injury increases by 127.6%. This may be due to the possibility of higher concentration of pedestrian-vehicle crashes on arterial roads as also indicated by Gitelman [36] who revealed that arterial multi-lane streets belonging to city centers have the majority of high concentration of pedestrianvehicle crashes. Road function is found to have high Wald test statistics for arterial road (14.082 for severe injury crashes) and it is indicated that the severity risks ratio of severe and fatal crashes to slight injury on arterial roads increase compared to those of toll roads which is used as the reference. Road function determines the maximum volume that can be accommodated, level of accessibility, pedestrian facilities and allowable traffi c speed. This fi nding is supported by a previous study that showed that crashes on high speed roads such as freeways, national roads and provincial roads have higher tendency to be fatal or serious injury rather than minor injury crashes and also studies on fatality rates and vehicle speeds [19] , [37] , [38] . Kröyer [39] also found that speed is potential in injury level of pedestrian crash and that roads with speed lower than 40 km/h rarely have fatal crashes. The relative risk ratio of pedestrian crashes occurring at inter- sections decreases compared to straight road by 4.69% indicating that fatal injuries are unlikely to occur at intersections. This might be because drivers tend to reduce their speed when approaching intersections in particular at intersections without traffi c control and halt during red, which is also the fi nding of a previous study [27] .
CONCLUSIONS
Despite the relatively small R-squares, the independent variables are found to be signifi cant and meets the aim of this study which is to fi nd reliable relationship between the independent variables and dependent variables. The results of the study show that the driving environment risk factors in Jakarta and the surrounding cities that signifi cantly increase the probability of fatal injury in a pedestrian crash include lighting condition, road type, road function and road status. Road function which is catego-rized into arterial, collector, local, and toll road, is found to be the most highly infl uencing variable that determines the different levels of the severity of crash involving pedestrians. The different road functions are also related to the accessibility of the road. Higher accessibility allows lower mobility of pedestrians; the condition which may result in lower number of pedestrians and lower pedestrian crashes. With the high relative risk of dark lighting condition, road lighting is of paramount important. Provision of appropriate pedestrian crossing facilities on undivided roads will reduce the probability of fatality by more than 17%. As road function is related to the road management authority, it is therefore of paramount important that the road function categories be reviewed to comply with the pedestrian access and pedestrian facilities along the roads. Upgrading a road function to a higher level should consequently be followed with improvement and upgrading the pedestrian facilities, as well as applying necessary restrictions to certain pedestrian accesses. Efforts to reduce severe and fatal pedestrian crashes can therefore be made through changes in factors in particular factors with high odds. Changing the lighting condition to bright and improving the road surface condition can be expected to lower the level of severity. Measures are also required to prevent pedestrian crashes along curves by ensuring adequate sight distances, installation of appropriate warnings and others. The results of this study show how changes within categories of different driving environment factors can lead to lower level of pedestrian accident injuries.
